In yield experiments conducted at different environments, assessment of Genotype × Environment interactions for investigated traits is a quite significant issue for both agronomists and breeders. GGE biplot analysis was employed in this study to assess the Genotype × Trait, Environment × Trait and Trait Association × Environment of five different traits (silage yield [SY] , stem diameter [SD] , green leaf weight ratio [GLWR] , green stem weight ratio [GSWR] , green corn cob ratio [GCCR] and plant height [PH] ) of 25 silage maize (Zea mays L.) genotypes grown in six environments. The biplot graphs created in this study to assess Genotype × Trait, Environment × Trait and Environment × Trait correlation interactions were able to explain respectively 86%, 92%, and 83% of total variation of experiments. Current findings revealed that the genotype G18 (Safak), with the greatest silage yield in Genotype Trait biplot (GT biplot) also had the greatest SD; DIY14 (DIYARBAKIR-2014) with the greatest distance from the origin over Environment Trait (ET-biplot) graph was the most distinctive environment; SD with the greatest vector length was the most distinctive trait; DIY14 and DIY15 environments were the best environments for PH, GSWR, SY and SD. It was concluded that GGE biplot method with different perspectives could reliably be used in assessment of silage characteristics of maize genotypes grown in different environments.
INTRODUCTION
Maize (Zea mays L.) is used in animal nutrition either as green fodder or silage. It is one of the most important juicy roughage (Erdal et al., 2009) . High unit-area yield and adaptation capacity, availability for silage, high energy content, sufficient sugar content to preserve for long durations without any additives, the greatest digestible nutrient content, high nutritional values, long-duration storage and fresh consumption in winters, make maize as the most preferred plant for livestock feeding (Kusvuran et al., 2015) .
Although researchers investigated several traits in different environments, they usually experienced problems in assessments of these traits. The problem gets complicated in selection studies especially when there is a negative interaction between the primary trait of the experiments and the other traits (De Leon et al., 2016) . GGE biplot method is considered as the best method for reliable assessments in multi-environment experiments (Rahmatollah et al., 2013; Yan, 2014) . The method was developed by Yan (2014) and it uses different types of biplot graphs created through adding Genotype × Environment interaction effect onto genotype main effects for the target trait.
GGE biplot method allows the user to assess entire twoway data (Dehghani et al., 2012) . Assessments are usually performed over PC1 and PC2 axes calculated from the data of rows and columns from a two dimensional array produced by the combination of genotypes and environments in multipleenvironment datasets (Akcura and Kokten, 2016) . Different uses of the method were explained in detail by Yan (2014) . GGE biplot method is commonly used for visual assessment of Genotype × Environment interaction for grain yield of different plants in multi-environment experiments (Roozeboom et al., 2008; Dehghani et al., 2009; Mohammadi et al., 2009; Yan et al., 2010; Akcura et al., 2011; Mohammadi and Amri, 2016) .
The method is also used for visual assessments of correlations among investigated traits through Genotype × Trait biplot graph (Yan and Frégeau-Reid, 2008; Akcura, 2009; Akcura and Kokten, 2017) . GGE biplot was used in assessment of different characteristics of genotypes in several field crops. GGE biplot was also employed in variety evaluation of wheat (Akcura, 2011; Gholizadeh and Dehghani, 2016) , oat (Yan et al., 2010) , common bean (Villegas et al., 2016) and oat (Yan et al., 2007; Yan and Frégeau-Reid, 2008) .
In multi-environment experiments, beside the primary trait, significance of other characteristics is also identified. However, GGE biplot graphs should accurately and efficiently be interpreted along with the objectives of the study. In silage maize, beside silage yield, the other plant characteristics may also vary with environmental conditions. The plant characteristics to be used in variety selection in maize to be cultivated in different environments of target region should be determined before to design a study on maize cultivars. However, there are not studies in literature assessing silage yield and yield characteristics of several maize genotypes under different environments. In present study, Genotype × Trait (GT), Environment × Trait (ET) and Trait Association × Environment (TAE) of different plant characteristics of 25 silage maize genotypes grown in six environments were assessed through GGE biplot analysis.
MATERIALS AND METHODS
Silage maize genotypes used in this study and their supplier organizations and institutions are provided in Table 1 .
Experiments were conducted in Bismil (37°50' N, 40°39' E; 535 m a.s.l.), Diyarbakir Province, Elazig Province (38°40' N, 39°13' E; 1070 m a.s.l.), and Bingol Province (38°53' N, 40°29' E; 1153 m a.s.l.), Turkey, during the growing seasons of 2014 and 2015 in randomized blocks design with three replicates. Experimental plots were 5 m long. Each plot had 4 rows with 70 cm row spacing and 15 cm on-row plant spacing. Sowing was performed as to have 33 seeds per row. Before sowing, 80 kg N, 80 kg P (P 2 O 5 ) and 80 kg K (K 2 O) fertilizers were supplied per hectare. When the plants reached 50-60 cm heights, dressing fertilizer was applied with hoeing and at tassel formation period as to have a total of 150 kg N ha -1 . Throughout the growing season, two hoeing and one earthing were performed.
Climate parameters and soil characteristics of experimental sites are provided in Table 2 . In all three provinces, precipitations during the growing season were higher in the first year than in the second year. Experimental sites have loamy soil texture with slightly alkaline structure in Diyarbakir and Elazig provinces (respectively with a pH of 7.73 and 7.78) and slightly acidic structure in Bingol province (pH 6.37). The lime content was medium in Diyarbakir and Elazig and low in Bingol province.
Data collection and analysis. All hybrid maize genotypes were manually harvested at milk-dough stage (about 30% DM). Middle two rows were harvested manually and the side rows were omitted as to consider the side effect. Plants were harvested at milk-dough stage and morphological observations were performed just before the harvest. Plant samples were weighed and silage yields were determined in t ha -1 . Plant heights were measured over randomly selected 10 plants from each plot as the height from the soil surface to top tassel. Stem diameter was measured over the first node from the soil surface. Diameters were measured from randomly selected 10 plants between the first and second node from the soil surface and average value was expressed in mm. Randomly selected five plants from each plot were separated into cob, stem, and leaves. Each part was weighed and green corn cob ratio, green stem weight ratio and green leaf weight ratio was determined.
The data obtained from all environments were initially subjected to variance analysis and LSD values were determined for significant traits. Then coefficient of correlation between traits were calculated with SAS software for each environment (SAS Institute, 1999) .
In this study, four biplot graphs were created with different data matrix of the environments and genotypes by using GGE biplot software (Yan, 2014) . These graphs were the one obtained from the data matrix including mean values of all traits of genotypes in all environments ( 
RESULTS AND DISCUSSION
In present study, 25 hybrid silage maize cultivars registered in Turkey were used. Average values for investigated traits in different environments are provided in Table 3 .
Plant heights of different genotypes varied between 225.0 cm (G15) and 299.0 cm (G2), stem diameters varied between 21.3 mm (G14) and 26.2 mm (G18), green stem weight ratios varied between 35.1% (G14) and 52.2% (G21), green corn cob ratios varied between 29.1% (G2) and 47.1% (G14) and green leaf weight ratios varied between 16.0% (G19) and 21.0% (G2). Total silage/green herbage yield is the most significant trait in silage maize culture. Total silage yields of the genotypes varied between 67.6 t ha -1 (G14) and 108.8 t ha -1 (G18). Environmental averages for six plant characteristics are provided in Table 4 . The average silage yields of experimental environments varied between 59.9 and 104 t ha -1 with the greatest silage yield in DIY14 and the second greatest yield (97.4 t ha -1 ) in DIY15 environments. While the greatest green leaf weight ratio (GLWR) was observed in BIN14 environment with 19.49%, the lowest value was observed in DIY14 environment with 16.05%. The lowest green corn cobs ratio was obtained from DIY14 environment with 35.99% and the greatest value was obtained from BIN15 environment with 43.84%. Green stem weight ratios of the environments varied between 38.01% (BIN15) and 47.97% (DIY14), stem diameters varied between 21.09 mm (BIN14) and 25.35 mm (DIY14) and plant heights varied between 213.57 cm (BIN15) and 302.37 (DIY14) ( Table 4) .
Genotype × trait interaction (GTI) biplot graph was created for visual assessment of investigated traits over the environments (Figure 1) . The graph was able to explain 86% of total variation. Positively correlated traits and the best genotypes for each trait were placed close to each other over the graph. The graph about the correlations between the traits of the genotype Safak (G18) with the greatest silage yield is presented in Figure 2 .
The environment-trait biplot (ETI biplot) graph for visual assessment of variations in traits based on environments is presented in Figure 3 . The graph was created with PC1 and PC2 axes and the graph was able to explain 92% of total variation. The DIY14 environment was placed at the furthest distance from the origin and it was the most distinctive environment. The SD trait had the greatest vector length and thus became the trait with the highest variation among genotypes.
The correlations between traits calculated for each environment are provided in Table 5 . The greatest correlation coefficient (r = -0.95) was observed in DIY15 and EL15 environments between GSWR and GCCR and the lowest correlation coefficient (r = -0.02) was identified in DIY15 environment between GSWR vs. GLWR.
As it was in assessment of Environment × Trait interaction, Trait Association × Environment (TAE) biplot were drawn by using the correlation coefficients separately calculated between the traits in each environment (Figure 4) . Two-way correlations were placed over the graph based on positive or negative, small and large nature of correlation coefficients. The ABE biplot was first reported in Yan and Tinker (2005) and Yan et al. (2007) . The vector length of a trait association in the TAE biplot indicates the strength of the association.
The graphs created to assess two-way interactions (Figures 1, 3 and 4) were able to explain respectively 86%, 92% and 83% of total variation. Such explanation rates were quite higher than the values reported in previous studies. For instance, Akcura et al. (2011) reported an explanation rate of 76.14% in wheat, Villegas et al. (2016) reported more than 75% in common bean, Meng et al. (2016) reported 71.5% in barley.
In present study, all interactions in multi-environment experiments were assessed through GGE biplot graphs. In the first graph, GTI biplot graph (Figure 1 ) was created by using trait averages of genotypes in different Environments and Genotype × Trait interactions were assessed over this graph. With this graph, traits had higher vector length of each genotype in each environment and the traits with either positive or negative correlations were identified (Yan, 2014) . While the genotype G18 had the greatest silage yield, G21 was prominent with SD and GSWR, G2 with plant height, G4 with GLWR and genotype 15 with GCCR. As it was in GGE biplot graphs, the angle between positively correlated traits narrowed and they were placed close to each other over the graph (Yan, 2014) . The genotypes with high silage yields had also higher stem diameters.
The averages for each trait in different environments are provided in Table 4 . Which trait is well in which environment(s) can be seen in this table. However, the Environment × Trait biplot created by using the table data allows the user better assessment of data. As it can be seen from the graph (Figure 3 ), there were significant positive correlations of plant height with green stem weight ratio and silage yield; silage yield was positively correlated with green Table 3 . Average values of traits of 25 genotypes for different environments.
PH: Plant height; SD: stem diameter; GSWR: green stem weight ratio; GCCR: green corn cob ratio; GLWR: green leaf weight ratio; SY: silage yield.
Cultivars PH SD GSWR GLWR mm GCCR stem weight ratio and stem diameter; there were significant correlations between plant height and green corn cob ratio.
With the same graph, which trait is significant in which environment is also explained (Yan, 2014) . The environments DIY14 and DIY15 were identified as the best environment for plant height, green stem weight ratio, silage yield and stem diameter (Figure 3 ). BIN15 environment was identified as the best environment for green corn cob ratio, and BIN14 environment was the best for green leaf weight ratio. Based on this information, Diyarbakir was identified as the best environment for silage maize culture of the region.
Among the genotypes, Safak (G18) had the greatest silage yield. It can be inferred from the graph explaining the correlations between the traits of this cultivar that silage yield was positively correlated with plant height, stem diameter and green stem weight ratio (Figure 2) .
In multi-environment experiments with different traits, since experiments were assessed separately, researchers are sometimes not able to explain the relationships they wish to explain (Gholizadeh and Dehghani, 2016) . In such experiments, rather than interpreting several correlation coefficients, ABE biplot (association by environment biplot) provide the best assessments. ABE biplot was recommended by Yan (2014) . The ABE biplot is presented in Figure 4 . There were not any remarkable differences in vector lengths of correlation coefficients. However, the vectors for GCCR vs. SY, PH vs. GCCR and SD vs. GCCR were relatively longer.
Among the experimental environments, in BIN15 environment, the greatest correlation coefficient was observed between SD vs. GCCR, this two-way correlation was also placed at close position over the graph. The correlation coefficient between SD vs. GSWR was positive and significant in all environments except BIN15. However, DIY14 and EL15 environments had the greatest correlation coefficients. SD vs. GSWR and these two environments were placed closer to each other over the graph.
The DIY14 environment should also be assessed in the same fashion. This environment had the greatest silage yield, plant height, green stem weight ratio and stem diameter. The correlation coefficients of this environment were also higher than the other environments. Such a case was quite remarkable over the graph. The environments with high silage yields have also the other traits at high rates. Besides silage yields of silage maize genotypes, cob, stem and leaf ratios were indicated as significant factors influencing the quality (Kaplan et al., 2016) .
It was observed in this study that GGE biplot analysis was quite handy method for visual assessment of data matrices composed of two-way data (Yan, 2014) . However, the method has not been widely used by the researchers, yet. Compared to conventional methods, GGT biplot method eases the interpretation of Genotype × Trait interaction through visualizing silage yield data and allows the users to separately assess each genotype and each trait (Yan et al., 2007) .
In multi-environment experiments, conventional methods usually do not allow the assessment of entire traits or separate assessment of each trait (Yan, 2014) . The environment-trait ET-biplot used in present study allowed together assessment of all traits related to silage yield. With this method, how each trait changes in each environment can be assessed (Yan, 2014) . Environment-trait biplot graph allows researchers to select an environment and trait for the experiments.
Trait association-by-environment (ABE) biplot is used relatively less than the other biplots. In multi-environment Table 5 . Correlations between the traits in different environments (n = 75).
*; **Significant at the 0.05 and 0.01 probability levels, respectively. PH (cm): Plant height; SD (mm): stem diameter; GSWR: green stem weight ratio (%); GCCR: green corn cob ratio (%); GLWR (%): green leaf weight ratio; SY (t ha -1 ): silage yield. VL: Vector length of each association in Figure 4 . EL14  BIN14  BIN15  DIY15  DIY14 EL15 VL experiments, correlation coefficients for investigated traits should separately be calculated for each experiment and assessed through two-way tables (Yan et al., 2007) . Correlations table contains the information about the similarities and dissimilarities among test locations in terms of trait association patterns. Since the table is large and the relationships in it are complex, a biplot approach is needed to help the researcher to grasp the main patterns. The biplot that displays this type of data is called the association by environment biplot or ABE biplot (Yan, 2014) . This perspective was first recommended by Yan et al. (2007) . In the present study, data set created by using the correlation coefficients between some plant characteristics and silage yield of maize genotypes was visually assessed. The biplot method allowed easy and better assessment of correlations between the traits in each environment.
Trait pairs

CONCLUSIONS
It was observed in present study investigating different plant characteristics of maize genotypes in different environments that stem diameter, green leaf weight ratio and plant height were identified as the mostly correlated traits with silage yield in all environments.
GGE biplot method allowed efficient and reliable assessment of investigated traits in different environments. With this method, how a trait changed in each environment was identified, how traits are correlated with each other in each environment was assessed and the environments contributing the assessment of maize genotypes were identified.
It was also concluded that GGE biplot method could reliably be used in assessment of different characteristics of silage maize genotypes grown in different environments.
